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Introduction of Double Freezing (DF) method to the commercially used techniques of cryopreservation would have negligibly impact the economy of commercial artificial insemination (AI) centres. The test period of bulls in dairy system takes four years and results of their progeny testing are not known earlier. Thus, AI centres usually produce reserves up to 50 000 straws per bull (Saragusty et al. 2009 ), which represents high costs in the case of negative progeny test results.
The DF method based on freezing of semen in large volumes, their thawing and second freezing in straws after progeny testing, might be an effective tool leading to reduction of costs. Possibility of transport of semen frozen in large volumes to sex-sorting facility would be another benefit of https://doi.org/10.17221/117/2018-CJAS the DF (Underwood et al. 2009 ). Apart from the commercial sphere, the use of the DF would be a contribution to the gene reserves utilization or to in-vitro fertilization (IVF), where only negligible parts of AI straws are being used (Saragusty et al. 2009 ).
Semen of various domestic animals has been successfully frozen in large volumes in past years. Motility of sperm frozen in large volumes was retained in mammals, namely in stallions (Saragusty et al. 2007) , bucks (Gacitua and Arav 2005) , rabbits (Si et al. 2006) , and bulls (Arav et al. 2002; Saragusty et al. 2009 ) as well as in fish, e.g. common carp (Horvath et al. 2007 ). Most of the works confirm worse freezability of semen frozen in larger volumes.
Success of semen cryopreservation depends on maintenance of fertilization ability that is determined by preservation of sperm motility including kinetic parameters of sperm cells (Mortimer 2000) , integrity and functions of sperm membranes (James et al. 1999) . Sperm motility belongs to the most important factors as it gives information about the sperm energy sources (Verstegen et al. 2002) . Its correlations with breed and/or bull fertility were reported in many studies (Beran et al. 2012; Gloria et al. 2013; Simonik et al. 2015; Li et al. 2017 ).
There were revealed many factors affecting the fertilization ability of frozen-thawed semen. The semen extender composition affects sperm motility Sichtar et al. 2017; Slanina et al. 2018; Tvrda et al. 2018) , plasma membrane integrity (Holt et al. 2015) , DNA integrity, and antioxidant activity (Tasdemir et al. 2013) . Semen cooling rate induces irreversible changes in membrane composition and functionality (Watson 2000) . Other factors affecting the sperm motility and sperm membrane integrity are time of equilibration, freezing rate, and interactions between equilibration time and freezing rate (Dolezalova et al. 2016) . Cryopreservation process also affects acrosomal integrity and capacitation (Pons-Rejraji et al. 2009 ). Cryobiology literature states that freezability of bovine semen is determined by some internal factors such as purpose of breeding (Holt et al. 2015) and breed (Beran et al. 2011) .
Even though, many negative changes occur in spermatozoa during cryopreservation, there are studies reporting about sperm cells that were able to maintain their functions (Maxwell et al. 2007; Saragusty et al. 2009 ) and to fertilise oocytes after several freezing/thawing cycles under both in vitro (Underwood et al. 2009 ) and in vivo conditions (Saragusty et al. 2009; Underwood et al. 2010) .
Research on thawing protocols shows that thawing rate significantly affects motility and functional traits of sperm frozen-thawed in conventional insemination doses (Barth et al. 1988; Rastegarnia et al. 2013) . However, according to our best knowledge, no research paper concerning thawing of semen frozen in large volumes has been published yet.
Therefore, the objective of this study was to compare the defined thawing protocols in relation to sperm motility and integrity of sperm membranes in bovine ejaculates frozen in 4 ml and 8 ml volumes.
MATERIAL AND METHODS
Semen collection. The study was conducted at the A.I. centre of NATURAL spol. s r.o., Hradištko pod Medníkem, Czech Republic. Total number of 144 semen samples from 8 bulls (4 Holstein, 4 Czech Fleckvieh) were analysed. The donor bulls were kept under identical and optimal conditions of feeding, watering, and management during the entire period. The bulls were of similar age (4-5 years), free from any diseases, sexually mature, with good libido, and clinically healthy. The frequency of semen collection was also the same in all bulls in the trial, bulls were collected once per month.
Bulls were collected by the same AI technician using sterilised bovine artificial vagina pre-warmed to 38°C. Each bull was collected two times on the day of collection. The same artificial vagina was used in both two collections. Bag with ejaculates was transported to the laboratory (room temperature) immediately after the semen collection. The semen quality analysis started up to 3 min after the collection. All measurements were performed by one skillful laboratory technician in accordance with the Semen analysis protocol of the NATURAL spol. s r.o. A.I. centre.
Analyses of fresh semen quality. Each ejaculate was weighed on calibrated laboratory balances, considering that 1 g = 1 ml. Spermatozoa concentration (1 million/ml) in fresh semen was measured using a regularly calibrated photometer (Carl-Zeiss Jena, Germany).
https://doi.org/10.17221/117/2018-CJAS To analyse sperm motility (MOT), a small drop of fresh semen was diluted in 0.5 ml of saline (0.9% NaCl solution) and incubated at the temperature of 39°C for 3 min. Thereafter, a small droplet was placed on clean, pre-warmed slide and covered with a pre-warmed cover slip and examined at ×100 magnification under a light microscope (Meopta 206517; Meopta, Czech Republic). The MOT evaluation took into consideration only sperm with normal progressive movement. Sperm cells showing circular or oscillating movement were considered as immotile.
Hypoosmotic swelling test (HOS test), developed by Jeyendran et al. (1984) , detects the sperm cells with functioning membranes that are able to maintain equilibrium between the sperm cell and its environment. The fertilization ability is in positive correlation with the percentage of reacted sperm cells. Influx of the fluid due to hypo-osmotic stress causes the sperm tail to coil or swell (Padrik et al. 2012) . Aliquots of 0.1 ml of fresh semen were mixed with 1.0 ml of Sörensen's buffer (prepared by mixing 2.1492 g Na 2 HPO 4 + 12 H 2 O in 90 ml of distilled water with 0.273 g KH 2 PO 4 in 30 ml distilled water; pre-warmed to 38°C). The mixture was incubated at 37°C for 30 min. Then 0.2 ml of the semen-buffer mixture was dissolved in pre-warmed eosin and after 30 s in pre-warmed nigrosin. A drop of this mixture was placed on a clean prewarmed microscope slide, spread with another microscope slide and, allowed to air dry. The slide was then examined under a phase microscope at ×100 magnification. In each sample, 200 sperm cells were classified as either reacted (sperm cells with intact membranes (INT)) and non-reacted. The HOS test was repeated after dilution of fresh ejaculate (FE) and its mixing during incubation at room temperature for 10 min with the aim to detect the effect of dilution.
Motility analyses as well as the HOS test slide examinations were provided by the same person.
Samples processing. Only ejaculates (n = 48) with minimum concentration 0.5 × 10 9 sperm per mm 3 and minimum progressive motility 70% were processed. These ejaculates were diluted with Andromed (Minitübe, Germany) pre-warmed to 38°C in water bath at the ratio of 1 : 3 (semen : extender). Extended semen was filled into plastic bags (3.5 × 11 cm), placed on perforated paper pad on racks, cooled, and equilibrated at 5°C for 2 h and then frozen in a DigitCool freezer (IMV, France). Bags were frozen using a three-phase freezing curve (loading temperature in the comb: 4°C, 1 st phase: 4 to -10°C in rate 5°C/min, 2 nd phase -10 to -100°C in rate 35°C/min, and 3 rd phase -100 to -140°C in rate 20°C/min). Frozen bags were stored in a liquid nitrogen (-196°C) .
Each ejaculate was processed as one set of three samples of either 4 ml or 8 ml, because the volume of extended semen was usually insufficient to cover two different sets of samples. Three sets of 4 ml samples and three sets of 8 ml samples from each donor were produced. Total number of produced samples was 72 of 4 ml and 72 of 8 ml.
Thawing protocols. After removal from liquid nitrogen, each sample of large-volume (4 ml and 8 ml) frozen semen was moved into a new, unfrozen plastic bag for thawing. The volume of water in thawing bath was sufficient (5 l) in order not to be cooled by the frozen semen. In each set of samples three thawing protocols were applied Protocol 1 (P1, slow). Sample was placed in the room temperature for 90 s, then pooled into a water bath for 60 s at the temperature of 37°C (Saragusty et al. 2009 ).
Protocol 2 (P2, medium). Sample was placed in the room temperature for 45 s, than pooled into a water bath for 60 s at the temperature of 40°C. This is a modified method of Horvath et al. (2007) due to the need of semen movement into a new plastic bag and higher volume of thawed samples.
Protocol 3 (P3, fast). Sample was placed in the room temperature for 15 s, than pooled in a water bath for 90 s at the temperature of 40°C. This is a slightly modified method commonly used in the A.I. centre of NATURAL spol. s r.o. for 0.25 ml straw thawing.
Analyses of MOT and INT by methods described above were done immediately after thawing (T0) and 30 min after incubation (T30) in a water bath (38°C). We can consider this time to be theoretically sufficient for evaluation of thawed semen, second dilution to the final sperm concentration, filling of diluted semen in straws, and start of the second freezing that would be used in DF.
Differences between characteristics of FE and frozen-thawed semen were counted to describe changes occurring during the cryopreservation process.
Differences in percentage of sperm with intact membranes in diluted ejaculates (unfrozen) and ejaculates that underwent the freezing-thawing https://doi.org/10.17221/117/2018-CJAS process were counted to exclude the effect of the semen dilution.
Statistical analyses. The recorded data were subjected to statistical analyses using SAS 9.3 software (SAS/STAT 9.3, 2011). Procedures MEANS and UNIVARIATE were used to calculate the basic characteristics. The REG procedure and the STEP-WISE method were used to select an appropriate model of indices evaluation. The differences between animals and groups were evaluated by the GLM procedure, followed by a detailed evaluation using the Tukey-Kramer test. Following parameters of ejaculates frozen in 4 ml and 8 ml were calculated.
Model equation. The following model equation was used:
where: y ijkl = dependent variable (percentage of sperm with forward motility (MOT) immediately after thawing (T0) and 30 min after thawing (T30), percentage of sperm with intact membranes (INT) after freezing-thawing cycle and their differences compared to fresh ejaculates (FE)) μ = mean value of dependent variable a i = fixed effect of breed (for 4 ml volume: i = Czech Fleckvieh, n = 36; i = Holstein, n = 36; for 8 ml volume: i = Czech Fleckvieh, n = 36; i = Holstein, n = 36) b j = fixed effect of proportion of sperm with intact membranes in FE (for 4 ml volume: j = 70-79%, n= 39; j = 80-90%, n = 33; for 8 ml volume: j = 70-79%, n = 48; j = 80-90%, n = 24) c k = fixed effect of thawing protocol (for 4 ml volume: k = 1 (1 st protocol), n = 24; k = 2 (2 nd protocol), n = 24; k = 3 (3 rd protocol), n = 24; for 8 ml volume:
b*(BULL) = regression on bulls (total n = 8 bulls) e ijkl = random error Significance levels P < 0.05 and P < 0.01 were used to evaluate differences between groups.
RESULTS
Results of semen cryopreservation in 4 ml. Totally 72 samples were analysed in this part of our work. Average characteristics of semen cryopreserved in 4 ml are described in Table 1 . Average MOT in T0 was 23.7%, followed by 16.3% in T30. MOT decreased by about 51.5% in frozen-thawed semen in T0 compared to FE. An average decrease of MOT between T0 and T30 was 7.4%. An average INT after thawing was 18.6%. Table 2 documents the parameters of MOT in T0 and T30 and their decreases between observed times according to the evaluated effects. The highest MOT was found immediately after thawing, in T0. However, the differences were insignificant in all evaluated groups. The highest MOT in T0 was recorded in Holstein group (26.7%). The effect of breed on bovine semen freezability was confirmed on MOT in T30 with statistical significance P < 0.05. These results indicate that semen of Holstein bulls is more resistant to the negative effects of cryopreservation in 4 ml volume.
Even though there was no significant effect of MOT in FE on MOT in T0 and T30, the negative impact of cryopreservation was significant (P < 0.05) in ejaculates with higher MOT in FE (80-90%), where higher decrease (54.7%) in this parameter was found.
The effect of thawing protocol, as a factor significantly (P < 0.05) affecting MOT, was confirmed in MOT in T30, where thawing using Protocol 1 provided better results (19.16%) in comparison to Protocol 2 (11.5%).
The change of motility between T0 and T30 can be considered an important indicator of the quality of insemination doses, because motility of most vaginal sperm is diminished within about 30 min after insemination (Brannigan and Lipshultz 2008) . The decrease of sperm motility during the thermodynamic test was reported by Dolezalova et al. (2016) . This trait was in our experiment also significantly affected by thawing protocol. Here, the highest decrease was found in Protocol 2 (11.3%), that was significantly higher in comparison to both, Protocol 1 (4.9%; P < 0.01) and Protocol 3 (6.1%; P < 0.05). Table 3 presents percentage of sperm with intact membranes (INT) in T0 and its changes compared to INT in fresh ejaculate (FE) and INT in diluted semen (DE). Even though there were also found no significant effects of observed groups on INT in T0, we have found significant effects of breed on decrease in INT between T0 and FE (P < 0.05) and between T0 and diluted ejaculate (P < 0.01).
There was no significant effect of MOT in the fresh semen and thawing protocol on INT in all analysed parameters.
Results of semen cryopreservation in 8 ml. Average characteristics of semen cryopreserved in 8 ml are described in Table 4 . Characteristics of the evaluated data set show that average MOT in T0 was 25.1%, followed by 17.9% in T30. MOT decreased by about 49.3% compared to FE and MOT = percentage of motile sperms, INT = percentage of sperms with intact membranes, T0 = immediately after thawing, T30 = 30 min after thawing, FE = fresh ejaculate, DE = diluted ejaculate; P1, P2, P3 = thawing protocol 1, 2, 3 statistically significant differences *(P < 0.05), **(P < 0.01) Table 5 documents the parameters of MOT in T0 and T30 and their decreases between observed times according to the evaluated effects in semen frozen in 8 ml volume.
Significant effect of breed was confirmed by three parameters, MOT in T0, MOT in T30, and the decrease of MOT during the cryopreservation process at significance level P < 0.05. The Holstein semen showed better results compared to Czech Fleckvieh semen. The higher MOT in both T0 (29.0 vs 23.5%) and T30 (22.1 vs 15.9%) and the lower difference in MOT between FE and T0 (46.3 vs 52.4%) also manifest better freezability of Holstein semen.
There was found also a significant effect of MOT in FE. Group with higher MOT (80-90%) reached significantly (P < 0.01) higher MOT in T0 compared to the group of lower motility (70-79%), particularly 30.1% vs 22.3%, as well as in T30 (22.9% vs 15.1%).
Regarding the effect of thawing, there were also differences at the significance level P < 0.05 between P1 and P2 thawing protocols in MOT in T0, MOT in T30, and the decrease of MOT during the cryopreservation process. Unlike results of cryopreservation in 4 ml, there was found higher MOT in T0 (31.1%) in P1 group compared to P2 group (22.4%). However, similar results as in 4 ml volume were obtained in T30 (P1 -23.3% vs P2 -15.6%). Also difference in MOT in FE and T0 between these two groups was lower in P1 (44.4%) if compared to P2 (53.2%). Table 6 illustrates percentage of sperm cells with intact membranes in sperm frozen-thawed in 8 ml. There was found only one significant MOT = percentage of motile sperms, T0 = immediately after thawing, T30 = 30 min after thawing, FE = fresh ejaculate, P1, P2, P3 = thawing protocol 1, 2, 3 statistically significant differences *(P < 0.05), **(P < 0.01) 
DISCUSSION
The present study shows significant effects of breed, progressive sperm motility (MOT) of fresh semen, and thawing protocol on MOT and integrity of sperm membranes (INT) of semen frozen-thawed in different large volumes (4 ml and 8 ml) and their changes occurring during the cryopreservation process.
Sperm quality is influenced by many internal factors like breed, variation between individuals, and age of sire. Known is also the effect of cattle breed on sperm survival in semen frozen in French 0.25 ml ministraws (Beran et al. 2011) . Different demands on semen processing of donors of different breeds have also been described (Holt et al. 2015) . However, according to our knowledge, the effect of breed on semen freezability in large volumes has not been described yet. In our study, we have found significant effects (P < 0.05; P < 0.01) of breed on several indicators of freezability of bull semen frozen in both volumes.
According to the parameters of motility and sperm membrane integrity, the Holstein semen seems to be more suitable for freezing in large volumes, where it is more able to maintain MOT in time and in comparison to FE parameters. Beran et al. (2011) reported better survival of sperm during the cryopreservation process in Czech Fleckvieh breed compared to Holstein breeds. However, this was also affected by the age of donor bulls, where young Holstein bulls showed better parameters of motility compared to old bulls. There was found an opposite effect of age in Czech Fleckvieh in their study. In our study young bulls of both breeds were used, therefore the effect of breed found might be in relation to the age of bulls. Beran et al. (2011) suppose that the difference in semen freezability may be determined by different levels of metabolism. Thurston et al. (2002) also suggest that the sensitivity of sperm to cryopreservation might be partly related to genetic factors, which could explain variations among species, breeds, and individuals. Padrik et al. (2012) reported high correlation between HOS test and sperm motility, and nonreturn rates, which was confirmed by Ramu and Jeyendran (2013) . Nevertheless, there was found no effect of MOT in FE on INT after thawing, measured by HOS test, and on dynamics of their changes at both observed volumes.
Indeed, MOT in FE had no significant effect on MOT in samples frozen-thawed in 4 ml, although it significantly (P < 0.05) affected decrease of MOT during the cryopreservation. However, insignificantly higher MOT in both T0 and T30 was found in samples coming from ejaculates with higher MOT in fresh semen. Although Brinsko et al. (2000) reported correlations between MOT in fresh samples and sperm motility in frozen samples, this part of our study did not confirm their findings.
On the other hand, there was found a significant effect of MOT in FE on MOT of semen frozenthawed in 8 ml. The effect of volume on sperm survivability was described by Horvath et al. (2007) .
Thawing protocol significantly (P < 0.05) affected parameters of MOT, where MOT in T30 obtained using P1 protocol was superior compared to P2 protocol in 4 ml volumes. Also the decrease of MOT between fresh semen and frozen-thawed semen was significantly affected by the thawing protocol, where we have found the best results using P1.
Thawing of samples according to P2 and P3, which operates with higher temperature of water bath (40°C), is faster in comparison to P1 where t = 37°C was used. Thawing involves reversal freezing effects that are characterized by a water flux into the sperms. Higher thawing rates and faster thawing are more efficient methods of thawing semen frozen in 0.25 and 0.5 ml straws regarding the survival of sperm (Barth et al. 1988 , Rastegarnia et al. 2013 . In these studies, semen was exposed to the high temperature usually for only a few seconds. There was found an opposite trend in the large volume thawing. This may be explained by enzyme denaturation at high temperatures. According to Lepcock et al. (1993) , each organelle has an onset for denaturation near 40°C and contains thermolabile proteins denaturing at predicted temperatures. They appear to be present in all https://doi.org/10.17221/117/2018-CJAS cellular organelles and components, including mammalian semen, and are probably linked to the bioenergetic system of the cell (Kohsaka et al. 1992) . Exposure of thawed sperm during the time of semen thawing to the temperature 40°C may cause damage of these systems.
Even though the average MOT and INT were low in comparison to standards commonly used by AI centres in commercial AI straws production, we can confirm survival of bull sperm cells expressed by their motility and sperm membrane functions maintenance during cryopreservation in large volumes that have been previously reported by Arav (2002) and Saragusty (2009) .
Based on our findings, Holstein semen seems to be more suitable for freezing in large volumes than the Czech Fleckvieh one, however it might have also been caused by age of the bulls. Therefore subsequent study would be appropriate. Semen with higher fertility shall be given preferences to this type of cryopreservation. According to our results, we can recommend using P1 thawing protocol to thaw bull semen frozen in large volumes.
CONCLUSION
We confirmed the influence of thawing method on motility in semen frozen in large volumes. The effect of breed on MOT and INT in samples frozen in large volumes was found. It is known that success of semen cryopreservation is determined by many factors, such as composition of semen extender, cooling, equilibration, and freezing rate. The decrease of MOT and INT in semen frozenthawed in large volumes may be reduced by using "more friendly" techniques of semen processing. Once these techniques are known, the thawing protocols shall be revised repeatedly.
